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Abstract. In many real-life situations, we know that one of several objects has the desired property, but we do not know which one. To find
the desired object, we need to test these objects one by one. In situations
when we have no additional information, there is no reason to prefer any
testing order and thus, a usual recommendation is to test them in any
order. This is usually interpreted as ordering the objects in the increasing value of some seemingly unrelated quantity. A possible drawback of
this approach is that it may turn out that the selected quantity is correlated with the desired property, in which case we will need to test all the
given objects before we find the desired one. This is not just an abstract
possibility: this is exactly what happened for the research efforts that
led to the 2021 Nobel Prize in Medicine. To avoid such situations, we
propose to use randomized search. Such a search would have cut in half
the multi-year time spent on this Nobel-Prize-winning research efforts.
Keywords: Search under uncertainty · Randomized search · 2021 Nobel
Prize in Medicine
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Formulation of the Problem

1.1

Search under uncertainty: a general problem

In many practical situations, we strongly suspect that one of several objects
satisfies the desired property, but we do not know which one – and we have
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no reason to assume that some of these objects are more probable to have the
desired property. To find the desired object, we must therefore try all the objects
one by one until we find the object that has the desired property. Once we have
found the desired object, we can stop the search.
In some situations, checking the desired property is very time- and/or resourceconsuming. It is therefore desirable to minimize the number of such checks. So,
a natural question is: in what order should we test the given objects?

1.2

What is known

In this situation, we know the following (see, e.g., [1]):
– The best situation is when the very first object that we check has the desired
property. In this case, we only need a single check.
– The worst situation is when the very last object that we check has the desired
property – or even none of the tested objects has the desired property. In this
situation, we need to perform n checks, where n is the number of objects.
It is also possible to compute the average number of checks. Indeed, since we
have no reason to believe that some objects are more probable to satisfy the
desired property, it is reasonable to assume that each object has the exact same
probability that this object has the desired property. This ideas – going back to
Laplace – is known as the Laplace Indeterminacy Principle; see, e.g., [4].
Under this assumption:
– with probability 1/n, the first object has the desired property, so we will
need only 1 check;
– with probability 1/n, the second object has the desired property, so we will
need 2 checks;
– . . . , and
– with probability 1/n, the last object has the desired property, so we will
need n checks.
The average number of checks is therefore equal to
1 n · (n + 1)
n+1
1
· (1 + 2 + . . . + n) = ·
=
.
n
n
2
2
1.3

The usual (seemingly reasonable) recommendation

We have no information about the objects, we do not know which objects are
more probable to be desired and which are less probable.
From this viewpoint, it seems like we cannot make any recommendation
about the order of testing, so any order should be OK.
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What we do in this paper

In this paper, we argue that this usual recommendation is somewhat misleading,
and that in situations of uncertainty, it is better to use randomized order.
This will not be just a theoretical conclusion – we show that following the
new recommendation would have sped up the research that led to the 2021 Nobel
Prize in Medicine.

2
2.1

Analysis of the Problem and the New Recommendation
How people usually interpret the “any order” recommendation

When people read “any order”, they usually follow some seemingly unrelated
order – e.g., alphabetic order of the objects’ names or order by using the values
of some seemingly unrelated quantity of different objects.
2.2

Sometimes, this works, but sometimes, it doesn’t

If the quantity used in ordering is really unrelated to the property that we want
to test, then this interpretation works well. However, since we know nothing
about the desired property, it could be that the quantity used in the ordering is
actually correlated with the desired quantity.
And if this correlation is positive, and we sort the objects in the increasing
order of the selected quantity, then the desired object will be the last one – i.e.,
we arrive at the worse-case situation.
Of course, in this case, if we sort the objects in the decreasing order of the
selected quantity, then we arrive at the best-case situation: we will pick the
desired object right away or at least almost right away. So maybe it makes sense
to try first the first and the last objects in the selected order, then the second and
the last but one, etc.? This would cover both the cases of positive and negative
correlation, but what if the dependence of the desired quality on the selected
quantity is quadratic, with the maximum for the midpoint value? In this case,
we again arrive at the worst-case situation.
How can we avoid this?
2.3

Natural idea

Since ordering by a fixed quantity may lead to the worst-case situation, a natural
idea is not to use any deterministic approach, not to use any quantity to sort
the objects, but to use random order. In other words:
– as a first object to test, we select any of the n given objects, with equal
probability 1/n;
– if the first selected object does not satisfy the desired property, then, for the
second checking, we select any of the remaining n − 1 objects with equal
probability 1/(n − 1);
– if the second selected objects does not satisfy the desired property either,
then, for the third checking, we select any of the remaining n − 2 objects
with equal probability 1/(n − 2), etc.
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How many checks will we need if we follow this recommendation

Under such random order, the average number of checks is equal to (n + 1)/2 –
this follows from the same argument that we had before.
It is possible that we will get into the worst-case situation, but the probability
of this happening is the probability that the desired object will be the last in
the random order – i.e., 1/n. For large n, this probability is very small.

2.5

But is all this really important?

Theoretically, the new recommendation is reasonable, but a natural question
arises: how important is the difference between this new recommendation and
the usual one?
In the next section, we show that this difference is not purely theoretical:
namely, we show that following the new recommendation would have sped up
the research that led to the 2021 Nobel Prize in Medicine.

3
3.1

Case Study
Research that led to the Nobel Prize

The 2021 Nobel Prize in Physiology or Medicine was awarded to Dr. David
Julius and Dr. Ardem Patapoutian who discovered receptors for temperature
and touch; see, e.g., [2, 3, 5, 6, 8]. In this research, first, they identified 72 genes
as potential sensors of mechanical force. To find out which of these genes is a
receptor for touch, they silenced each of these genes one by one and checked
whether the cells would still react to poking.
Interestingly, when they silences each of the first 71 genes in their ordering,
the cell was still reacting to touch. It was only when they silenced (“switched
of”) the last, 72nd gene, that they saw that the reaction to poking disappeared
– which showed that this gene was a receptor for touch.
It is not easy to switch off a gene, so this research took several years.

3.2

How this research could be sped up

Clearly, in this study, the researchers hit what we described as the worst-case
situation, when the quantity selected for ordering was correlated with the desired
quality.
If instead of selecting a deterministic order, they would have used a random
order, they would, on average, have cut the number of tests – and thus, the
research duration – in half, with the probability of encountering the worst-case
situation as small as 1/72 ≈ 1.5%.
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